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(g) Readout system and process for IR detector arrays. 

(57) A method of detecting the intensity of radi- 
ation emanating from an object 116 relative to a 
background level at a pixel detector 120 is 
disclosed herein. A resistive element 122 with a 
resistance dependent upon the intensity of radi- 
ation impinging the detector 120 and having 
first and second terminals is provided along 
with an integration element 124 coupled to the 
first terminal of the resistive element. The first 
terminal is set to a reference voltage. The radi- 
ation is then defocused such that the radiation 
impinging the detector 120 is proportional to 
the background radiation level and a first volt- 
age is applied to the second terminal of the 
resistive element 122 such that the integration 
element 124 discharges to a background volt- 
age level. Next, the radiation is focused such 
that the radiation impinging the detector 120 is 
proportional to the radiation emanating from 
the object 116 and a second voltage is applied 
to the second terminal of the resistive element 
122 such that the integration element 124 
charges to an output voltage V 0 level. The 
output voltage V 0 is then sensed. Other systems 
and methods are also disclosed. 
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FIELD OF THE INVENTION 

This invention generally relates to the fabrication 
of semiconductor devices and specifically to a read- 
out system and process for infrared detector arrays. 

BACKGROUND OF THE INVENTION 

Detection of infrared radiation emitted by warm 
bodies provides an important method for night vision 
(perception without visible light). Infrared detectors 
may be classified in various ways, such as scanning 
or staring arrays, cryogenic (typically liquid nitrogen 
temperatures) or u ncooled detectors, 3-5 micron or 8- 
12 micron spectral sensitivity range, and photon or 
thermal detection mechanism. For portable, low pow- 
er applications where the greater detectivity of cryo- 
genic detectors is not needed, the preferred choice is 
an u ncooled thermal detector: infrared photons are 
absorbed and the resultant heating of the absorbing 
element is detected. The thermal detector is usually 
one of three types: (1) pyroelectric detector, (2) ther- 
mocouple, or (3) bolometer. 

In the operation of an infrared (IR) image sensing 
array, the desired output signal is obtained from the 
difference between two consecutive array outputs. 
The first output is obtained with the IR image deliber- 
ately defocused on the array and is used to determine 
the background flux associated with the scene. The 
second output is obtained with the image sharply fo- 
cused on the array. 

Typically, the signals from either the dark frame 
or from both frames are digitized and stored in mem- 
ory for subsequent signal processing operation. This 
analog to digital conversion and storage memory add 
to the cost and complexity of the overall imaging sys- 
tem. 

Accordingly, improvements which overcome any 
or all of the problems are presently desirable. 

SUMMARY OF THE INVENTION 

Other objects and advantages will be obvious, 
and will in part appear hereinafter and will be accom- 
plished by the present invention which provides a 
method and apparatus for reading information from 
an infrared detector. 

A method of detecting the intensity of radiation 
emanating from an object relative to a background 
level at a pixel detector is disclosed herein. A resistive 
element with a resistance dependent upon the inten- 
sity of radiation impinging the detector and having 
first and second terminals is provided along with an 
integration element coupled to the first terminal of the 
resistive element The first terminal is set to a refer- 
ence voltage. The radiation is then defocused such 
that the radiation impinging the detector is propor- 
tional tothe background radiation level and afirst vol- 



tage is applied to the second terminal of the resistor 
such that the integration element discharges to a 
background voltage level. Next, the radiation is fo- 
cused such that the radiation impinging the detector 

5 is proportional to the radiation emanating from the 
object and a second voltage is applied to the second 
terminal of the resistor such that the integration ele- 
ment charges to an output voltage level. The output 
voltage is then sensed. 

10 A pixel detector for detecting radiation emanating 
from an object is also disclosed herein. Aresistive ele- 
ment with a resistance dependent upon the object ra- 
diation and having first and second terminals is pro- 
vided. A capacitor is coupled to the first terminal of 

15 the resistive element as well as circuitry for applying 
a reference voltage. A shutter for focusing and defo- 
cusing radiation is also provided. Afirst voltage is ap- 
plied to the second terminal of the resistive element 
when the radiation is defocused and a second voltage 

20 is applied to the second terminal of the resistive ele- 
ment when the radiation is focused. The output vol- 
tage is read from-the first terminal of the resistor. 

An advantage of the invention is that it reduces 
dynamic range requirements on the preamplifier. This 

25 simplifies the overall system design. In addition, ex- 
ternal "dark" frame storage (i.e., background) require- 
ments are eliminated. This reduces the amount of 
memory necessary. 

Further, the effects of radiation independent cur- 

30 rents on pixel performance are minimized since these 
currents will be calibrated out Still further, the effects 
of drift in the mean pixel temperature on detector per- 
formance are minimized. 

Even further still, the present invention allows 

35 the electrical integration time to be substantially less 
than the frame time which is an advantage in the ca- 
pacitance/resistor current performance tradeoff. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above features of the present invention will 
be more clearly understood from consideration of the 
following descriptions in connection with accompany- 
ing drawings in which: 
45 Figure 1 shows a block diagram of an infrared de- 
tector system which includes a first preferred em- 
bodiment bolometer array; 
Figure 2 shows a schematic diagram of a pixel de- 
tector; 

so Figure 3 shows an exemplary output voltage; 

Figure 4 illustrates a first embodiment timing di- 
agram; and 

Figure 5 illustrates a second embodiment timing 
diagram. 

55 Corresponding numerals and symbols in the dif- 
ferent figures refer to corresponding parts unless 
otherwise indicated. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The making and use of the presently preferred 
embodiments are discussed below in detail. However, 5 
it should be appreciated that the present invention 
provides many applicable inventive concepts which 
can be embodied in a wide variety of specific con- 
texts. The specific embodiments discussed are mere- 
ly illustrative of specif ic ways to make and use the in- 1 o 
vention, and do not delimit the scope of the invention. 

Figure 1 illustrates in schematic diagram view an 
infrared imagery system, generally noted 100, which 
includes infrared lens system 102 which may include 
a shutter for focusing and defocusing the infrared im- 15 
age, mechanical chopper 104, bolometer array 106, 
drive and readout electronics 108 for array 1 06, video 
processor 110, display 112, and timing and control 
electronics 114. The lens system 102 images infrared 
radiation emitted by warm object 1 1 6 onto array 1 06. 20 
Chopper 104 may be a rotating disk which periodically 
defocuses the infrared radiation collected by lens sys- 
tem 102. In one embodiment, array 106 includes 
65,536 bolometers arranged in 256 rows by 256 col- 
umns; each bolometer corresponds to a pixel in the 25 
image of the warm body 116 plus surrounding scene 
in the field of view of the lens system 102. Array 106 
may be housed in a vacuum chamber or be surround- 
ed by a low thermal conductivity atmosphere. An in- 
frared transparent window is formed in one side of the 30 
device package. The window is positioned so that ra- 
diation from the scene with warm body 116 passes 
through the window onto array 106. 

The following description relates primarily to the 
bolometer array 1 06 and the drive and read out elec- 35 
tronics 108 as well asthefocusing/defocusing shutter 
which is included in lens system 102 and/or chopper 
1 04. Figure 2 shows one pixel detector 120 in the ar- 
ray 106. The pixel detector 120 comprises a temper- 
ature dependent resistor 122. During operation, the 40 
temperature of resistor 122 will be proportional to the 
intensity of the radiation impinging upon the pixel. 
Any of the many known pixel configurations may be 
used. Examples of uncooled bolometer pixel config- 
urations are given in U.S. Patent No. 5,021,663; and 45 
in U.S. Patent Application Serial No. 768,801, from 
which the present application claims priority, and cor- 
responding European Patent Application No. (Tl- 
16334EU) of even date with the present application. 

The resistor 122 is coupled to a bias voltage O b so 
at one terminal and an integration capacitor 124 at 
the other terminal. Many methods of fabricating ca- 
pacitors in integrated circuits are known and any of 
these capacitors may be used. A reset switch 126 is 
also coupled to the node with resistor 122 and capac- 55 
itor 124. As an example, the reset switch 126 may be 
a field effect transistor as illustrated in Figure 2. Pre- 
amplifier 128 is coupled to the same node to sense 



the value of the voltage on capacitor 124. Known sig- 
nal multiplexing may be used after the preamplifier 
output, but this is not critical to the invention herein. 

In operation, the temperature dependent resistor 
122 charges the capacitor 124 for a fixed time and 
hence the voltage on the capacitor 124 is related to 
the resistor 122 temperature, which of course is relat- 
ed to the intensity of the radiation impinging the pixel. 

in one aspect, the present invention provides a 
new readout method where the background subtrac- 
tion issue is handled at the detector level. The meth- 
od may be most applicable to arrays of bolometer de- 
tectors, but can be applied in a generalized form to 
other uncooled (or cooled) detector arrays. Applying 
this readout method eliminates the need for external 
memory and reduces the dynamic range needed by 
the pixel preamplifier 128. 

The voltage on the output of the capacitor 124 is 
shown in Figure 3. In the operation of the sensing ar- 
ray, the desired output signal is obtained from the dif- 
ference between two consecutive array outputs. The 
first output is obtained with the IR image deliberately 
defocused on the array and is used to determine the 
background flux associated with the scene. The 
background is determined during time period T 1 while 
the capacitor discharges to the appropriate value. 
The second output is obtained with the image sharply 
focused on the array. The image is determined during 
time period T 2 while the capacitor charges to the ap- 
propriate (i.e., proportional to the impinging radiation) 
value. 

Operation will be better understood by reference 
to Figure 4 which shows the relationship between the 
shutter , the resistor bias <X> b , the reset pulse <X> n and 
the output voltage V 0 on the capacitor. The shutter is 
defined as being having a focused image in the high 
state and an defocused image in the low state. In 
practice the shutter may be any method which ad- 
justs the focusing of the radiation on the array. Al- 
though not illustrated, more than two states of focus 
may be possible. 

The waveforms and voltages are presented for 
discussion of the principles of operation and do not 
represent the exclusive method for proper operation. 
For example the phase relationships between the wa- 
veforms and bias levels may be adjusted. 

Operation of the proposed readout process is 
best understood by beginning the description of op- 
eration immediately after the detector has completed 
integration and has been readout (i.e., at the begin- 
ning of time period T^. The voltage on integration ca- 
pacitor 124 is then clamped to a reference value, V=0 
for illustration, and the bias on the resistor 122 is 
switched to a first fixed value which is less than the 
reference value V=0 (e.g., negative). The shutter is in 
the defocused mode, and the voltage on the integra- 
tion capacitor 124 is decreasing in proportion to time 
and the temperature of the resistor 122. Since the 
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shutter is defocused the resistor temperature is pro- 
portional to the background radiation level. The vol- 
tage across the capacitor 124 reaches a minimum 
value just prior to the shutter transition to the focused 
mode and the switching of the bias across the resistor 
122 to the second fixed value which is greater than 
the reference voltage V=0 (e.g., positive). This mini- 
mum capacitor voltage is a function of the resistor 
temperature during integration, i.e. dependent on the 
"dark" scene background level. 

With the bias across the resistor positive and the 
shutter in the focused mode, the voltage across the 
capacitor 124 increases with time and the resistor 
temperature which now is proportional to the image 
rad iation in te nsity I evel. At t he end of t he shutter o pen 
time, the voltage across the resistor is readout by the 
preamplifier. This voltage represents the difference 
between the background and signal levels of the 
scene. 

In this system, the preamplifier 128 must only 
sense this one difference signal which is much small- 
er than either the image or background signals. Both 
the direct and background signals would have to pass 
through the amplifier 128 if external differencing is 
used. 

In typical applications, the signal is sampled 60 
times per second (i.e., 60 Hz). This signal would be 
compatible with typical video applications. Methods 
of displaying the array on a display are known in the 
art 

It should be noted that this operating mode re- 
quires the time constant of the temperature depend- 
ent resistor and integration capacitor to exceed the 
frame time of the system to avoid saturation of the in- 
tegration capacitor. In practice, the size of the inte- 
gration capacitor and the size of the temperature de- 
pendent resistor are limited by fabrication constraints 
and shot noise considerations. Hence, the integration 
time constant will in general be less than the frame 
time. Under these conditions, the operation can be 
revised to synchronize the shutter and 4> b while <j> r and 
the readout remain synchronized with the frame rate. 
In this mode of operation, shown in Figure 5, the shut- 
ter speed will be a multiple of the frame rate and will 
be limited at the high end by the thermal time con- 
stant of the pixel. 

While this invention has been described with ref- 
erence to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Va- 
rious modifications and combinations of the illustra- 
tive embodiments, as well as other embodiments of 
the invention, will be apparent to persons skilled in 
the art upon reference to the description. It is there- 
fore intended that the appended claims encompass 
any such modifications or embodiments. 



Claims 

1. A pixel detector for detecting radiation emanating 
from an object comprising: 

5 a resistive detector element with a resis- 

tance dependent upon said radiation and having 
first and second terminals; 

a capacitor coupled to the first terminal of 
said resistive detector element; 

10 circuitry for applying a reference voltage to 

the first terminal of said resistive detector ele- 
ment; 

a shutter for focusing and defocusing said 
radiation; 

15 bias circuitry for applying a first voltage to 

the second terminal of said resistive element 
when said radiation is defocused and for applying 
a second voltage to the second terminal of said 
resistive element when said radiation is focused; 

20 and 

circuitry for sensing an output voltage on 
the first terminal of said resistive detector ele- 
ment, said output voltage substantially depend- 
ent upon said radiation. 

25 

2. The detector of claim 1 wherein said resistive ele- 
ment is a temperature dependent resistor with a 
temperature proportional to said radiation. 

30 3. The detector of claim 1 wherein said circuitry for 
applying a reference voltage comprises a transis- 
tor. 

4. The detector of claim 1 wherein said circuitry for 
35 sensing an output voltage comprises a preampli- 
fier. 

5. The detector of claim 1 wherein said reference 
voltage is zero volts. 

40 

6. The detector of claim 1 wherein said first voltage 
is less than said reference voltage and said sec- 
ond voltage is greater than said reference vol- 
tage. 

45 

7. The detector of claim 1 wherein said pixel detec- 
tor is one detector in an array of detectors. 

8. The detector of claim 1 wherein said reference 
50 voltage is applied 60 times per second. 

9. A method of detecting the intensity of radiation 
emanating from an object relative to a back- 
ground level at a pixel detector, comprising the 

55 steps of: 

providing a resistive element with a resis- 
tance dependent upon the intensity of radiation 
impinging said detector and having first and sec- 
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ond terminals; 

providing an integration element coupled 
to the first terminal of said resistive element; 

setting said first terminal to a reference 
voltage; 5 

defocusing said radiation such* that the 
radiation impinging said detector is proportional 
to said background radiation level and applying a 
first voltage to the second terminal of said resis- 
tive element such that said integration element 10 
discharges to a background voltage level; 

focusing said radiation such that the radi- 
ation impinging said detector is proportional to 
the radiation emanating from said object and ap- 
plying a second voltage to the second terminal of 15 
said resistive element such that said integration 
element charges to an output voltage level; and 

sensing said output voltage level. 

10. The method of claim 9 wherein said resistive ele- 20 
ment is a temperature dependent resistor with a 
temperature proportional to said radiation. 

11. The method of claim 9 wherein said integration 
element is a capacitor. 25 

12. The method of claim 9 wherein said reference 
voltage is zero volts. 

13. The method of claim 9 wherein said first voltage 30 
is less than said reference voltage and said sec- 
ond voltage is greater than said reference vol- 
tage. 

14. The method of claim 9 wherein said setting, da- 35 
focusing, focusing, and sensing steps are per- 
formed repetitively. 

15. The method of claim 14 wherein said setting, de- 
focusing, focusing, and sensing steps are per- 40 
formed 60 times per second. 
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